tion parameters albumin in urine and creatinine in serum changed significantly during the season: albumin concentration increased from 5-2 to 7-6 mg/l, whereas creatinine excretion decreased from 93-0 to 87 5 pmol/l. The tubular function parameter retinol binding protein also increased in concentration from 20-0 to 26-9 ug/l. Therefore, a subclinical nephrotoxic effect of subchronic exposure to DCP cannot be excluded. Effects on glutathione conjugation capacity were studied by measuring erythrocyte glutathione S-transferase activity and blood glutathione concentrations. The activity of glutathione S-transferase in erythrocytes was significantly decreased from 4-7 before to UIg haemoglobin after the season. The same was true for the blood glutathione concentrations, which decreased from 0-93 to 0-82 mM. Both parameters seem to be affected by exposure to DCP.
A mixture of Z-and E-1,3-dichloropropene (DCP) is used extensively in the Dutch flower bulb culture for soil fumigation. This is mainly performed by commercial applicators. Products containing DCP, such as Telone II and Shell-DD 95, are injected into the soil, without previous dilution, in the period between June and November. During field application of soil fumigants containing DCP, applicators may be exposed to DCP, mainly by inhalation.
The primary target organs of DCP toxicity in experimental animals are the liver and the kidney.
Exposure of rats and guinea pigs to 50 ppm (220 mg/ m3) DCP vapour by inhalation for seven hours a day, five days a week during one month induced liver and kidney injury. Exposure to 3 ppm (13 6 mg/m') for six months induced cloudy swelling of the renal tubular epithelium in male rats. This was found to be reversible after stopping exposure.' Based on evidence of no effects in rats, mice, guinea pigs, and dogs exposed seven hours a day to 1 ppm (4 5 mg/m') for six months, and of the reversible injury in male rats exposed to 3 ppm, a time weighted average threshold limit value (TLV) of 1 ppm has been recommended for dichloropropene.' This is also the present Dutch occupational exposure limit (OEL Hb (median values; p = 0 002). The GSH concentrations were lowered after the season in all but one n person, whereas GST activity was decreased in all e persons (figures 1 and 2). n Lymphocytes from the same blood samples were tested for the presence of GSTp (RME Vos, RTH van Welie, WHM Peters, et al. Unpublished method). The GST activity in erythrocytes and GSH concentrations in blood were not significantly different for the positive and negative ,u groups.
Discussion
Monitoring in occupational toxicology is directed towards the assessment of exposure, which may lead to minimisation of hazards or towards determination of early health effects, which may serve the added purpose of better risk evaluations.7 "' The liver and kidney function tests used in this study give information on the functional state of the organs concerned. Changes in GSH and GST may indicate primary biological effects. These cannot be interpreted, as yet, in terms of health effects, but only in terms of endogeneous exposure to electrophilic agents. The tot, and hence in an increased elimination. In animal renal function tests used in this study are considered studies an effect on the liver was also found at a to be sensitive enough to detect early effects of comparable exposurelevel; in female rats exposed for nephrotoxins and are feasible as indicators of early six months to 3 ppm (13-6 mg/m') a higher liver to changes in renal function.'8 Low molecular weight body weight ratio was found. No histopathological proteins, such as fl2-M-U and RBP, are freely filtered changes in the liver were seen, however, and the from the plasma by the renal glomerulus and reabsor-increase was considered not to be an adverse effect, bed by the proximal tubular cells. The reabsorption although it may be related to exposure.' Because the of these proteins by the kidney is almost complete, data from the present study were not compared with which explains why their presence in urine is a a control group the results might be influenced by sensitive indicator of impaired proximal tubular seasonal variation. When the results were compared, function.'8 In this study a significant increase of Alb-however, with those of a study by Gidlow et al '9 U and RBP in urine was found after the season. If the about seasonal fluctuations of some biochemical increase in Alb-U excretion can be attributed to parameters monitored in industrial workers in the reduction in tubular reabsorption, a much larger United Kingdom exposed to a variety of potentially increase in RBP excretion would be expected.'8 Both toxic chemicals, it appeared that our results (a for Alb-U and RBP the excretion in urine was, decrease in creat-S and an increase in GGT) were however, low compared with other studies."
opposite to those expected from seasonal fluctuaNo significant increase in fl2-M-U was found, by tions. Because of the electrophilic nature of DCP contrast with what might be expected from another attack on sulfhydryl groups can be expected. study in which a high correlation between RBP and Glutathione provides the largest pool of biologically fi,-M-U was shown.8 This may be explained by the available thiol groups. Normal GSH concentrations small amount of data on 32-M-U that could be used in in blood do not differ much between people of the our calculations. Data from eight out of 28 urine same age group.20 samples had to be excluded from the analysis because
The in vitro susceptibility of erythrocyte GST of a pH less than 5-5; /32-M-U in acid urine is very activity to industrially important electrophilic agents unstable and the protein degrades quickly. has been described.2' A decrease of GST activity Increased excretion of high molecular weight upon occupational exposure to hot rubber fumes has proteins such as albumin and ferritin may also result been reported. 22 The authors expected to find inducfrom a reduced tubular reabsorption of the filtered tion of GST synthesis, which in that case could occur load. 8 An increased excretion of both a high (Alb-U) during the proliferation of erythrocytes. In a separate and a low (RBP) molecular weight protein may study we found that such an induction does take place indicate a reduced tubular reabsorption capacity in in smokers as GST concentrations determined by these workers. Effects on the proximal tubules can ELISA increased, whereas the activity towards also be detected by measuring the activity of several CDNB was not increased (CTA Evelo, PTh Henderenzymes in the urine.'8 Neither of the two urinary son, JGP Peters, GJ Reijmer, RP Bos. Unpublished enzymes measured in this study, AAP and fl-Gal, had observations). In the current exposure situation a significantly increased activities after exposure to decrease in activity due to inactivation of GST is DCP during the season. After the present study was expected to prevail over induction because the duracompleted Osterloh et al' described a subclinical tion of the exposure period was short compared with effect on renal function expressed in an increased the life span of an erythrocyte. urinary excretion of N-acetyl-glucosamidase after Normal GST activity shows appreciable variation short term exposure to DCP through soil fumigation. between subjects.23 In this respect the comparison of The concentrations exposed to ranged from 026 to individual pre-and post-exposure values is expected 9-36 mg/m'.
to be more sensitive than comparison with a control The exposure concentrations measured in our group. Until now, no genetic inhomogeneity has corresponding environmental monitoring study ran-been found to explain the interindividual variations ged from 1-9 to 18 9 mg/m3, and are comparable with in erythrocyte GST activity towards CDNB (mainly those used in the animal studies in which a cloudy GST activity). Such genetic differences are known to swelling of the renal tubular epithelium of male rats exist for GSTp24 and are expected for the minor was found at 3 ppm (13-6 mg/in3) after six months of erythrocyte GST.2" Therefore, the absence of a exposure.' With regard to liver function, a significant relation between erythrocyte GST and the presence decrease in concentration of Bil-tot in serum within or absence of GSTp in lymphocytes was not surpristhe normal range was found after the season. ing. The-distinct decrease of both GSH and GST Together with the remarkable increase in GGT this values found in this study indicates that exposure to may indicate that DCP has enzyme-inducing proper-DCP has affected glutathione conjugating capacity. Sir,-A 60 year old man was admitted to our department in 1989 with a soft tissue sarcoma (malignancy grade III) of the neurofibrosarcoma type located in the heart. He had been employed in sulphate pulp mills since 1951 and since 1970 he supervised the drainage of the sludge from the whole mill. He was thus in skin contact with both the sludge and the drainage water. The mill used chlorine bleaching.
In four case-control studies we have associated soft tissue sarcoma with exposure to chlorinated phenols,'4 a finding also reported in other studies as discussed in our latest report. 4 We have recently attributed the increased risk to dioxin contaminated phenoxyacetic acids or chlorophenols. 4 Furthermore dioxins are carcinogenic in animal experiments."6 In several studies it has been clearly shown that dioxins are produced in the chlorine bleaching process of the pulp, and that the concentrations are directly related to the amount of chlorine used in the bleaching process.7 Dioxins appear to be concentrated in pulp mill sludges and in sediments outside pulp mills creating a long term exposure situation for affected areas.7 This might be a source of exposure to dioxin for employees in the pulp industry and thus of aetiological significance for our patient described above. We are currently investigating this possible association further. In the fourth line of the second column of the abstract "... creatinine excretion" should read .... creatinine concentration."
